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gf  this  study  waz  tp Tevestigate ang  define  the
y of v contamingted solls to Flame and shock &5 & function of
& 4 LQM&@*?H?@& using the Bureay of Mises [BOMY Zers Gap {shock) ang
agration to Detomstion  Transitieon (DOY Flame} tests. The resyltant
el date will oo #d to r the reactivity of peplosive contamingted
w9 the ba sitionat an&?yzgs rather Lthan the time consuming and

ey med Tonclustons

Extentive testing was conduyrtes By Herculsr Incorporstes, Radford Ay
Apmunition  Flast {Eﬁ_‘f under subrentract e Arther B, Little, ing.,

TP e LHESTH - and define  the resctivity of
§ ghotk stimuli.. These fests were
water-wet  and  dry  semples of  the
3&&{& sensitivity tests determined
=1E% explostve Wil nos reatt

horgtory  prepered,
.N? mixgﬂ wﬁ%h ﬁ&%ﬂ

. : @&tiﬁﬂ t&ﬁt& &anﬂgnt@ﬁ
tiony ey Bt@ﬂ i 30 consecutive negative
'pmw &t the 20% confidencs ?ﬁw%?

Samoie twmpws1t*@n may be geed as the riterts fo aszess the exnlosive
ef B, Army lagoen §Q?=$ certaining  principelly serondary
iﬁﬁg HEE and piherg having egusl or lesy FERIYEIY Ly
Epiosive-contaminates el ﬁ@ﬁ%@?ﬁ?ﬁq slgntficant
tettletion senyitive meterisls inclgding thoze of
tead styphmate, Yead azide, @ta j dfer Yngredianty
ire verification testing witng the BOM Flame and shock test protoculsy.

%%

From thess ii %g &Tﬁu £Qﬁ§3uu@ﬁ that explosive-contaminates
solis can be tutel explosive content to
SI2% ang resuiy dm g *mms%t%m wms% ‘ﬁs mz‘t reactive in the BOM Flame and
shock tests, ‘ .

in themselves, the |
te perform, %%
nesded

igre GEp and DOV fents are pxpentive Ang time
Baning tests, both are considersd to be g
sresiing ithe explosive resctivity of rcontamiseted
oYty Horpower, *Q@t<§3 &e?atg toeting end const sl facilities or remote
test lecations are me #ry to conduct these tests in & safe manner ang %o
protect per 1 from delived resctipns and srcompanying shrapsel. It s
conciuded, therefore, that more  econamicsl tests  andfor  griteria  Yor
reactivity showld be considerss, 1 Sample composition 13 net adopied #¢
recommenged  abhove, 5 the relatteely  inexpentive  and guick tests  For

3

ED_001691B_00013247



wysel den 0k puv LG 38 S1jeEng paujques oy aandyy

EFA

L 3

L83 3wiv e B LY |
Lgg Yeemw .

LEBL INDOHE)

4%n ougr °

HOOL " HELY M

BIYR BELK
DRI INGD 2w
GHYES KT8 TAOYY
e S B0 BIAYY BTEYR

Pt

ED_001691B_00013247



s tivity originatly proposed by U.5. Environmentsl Protection Ageney 48 the
4 Report! should be reevalusted €ar adeption.,

Y. Base the detersinstion of sample reactivity of contaminated soils
the more  guantiistive and  ecopomic  chemtleal anatyvsls of zamples  far
Bxplosiver content rather than the gualidstive and espensive BOM Jerp Gap and
BOT tesyy,

2.  &dapt the oriterion pf sample  composttion ay & messure of
epntamingted 301l resctivity based on the &xﬁ%&ﬁéva Tevel present:

+ If explosive costent in semples i3 212%, the shmple 45 mot
reactive,

« IF explestve content tn samples ts 1P, the sample g
resetive.

I.00 1F the oriterion for resctivity will reguire explosive testing,
tren  investlgats  the ef Gess expensive ang time consuming tests for
grtabyshing 97 explosive-contaminated a4l are B iostvely reagtive,

2 5 toad, sssesdly snd pack (LA
cperations. resylt g gen @xﬁ}ﬁﬁ??ﬁﬁ contamingted wastewatse,
Gyer f%@ years, the %@ﬁ&fﬁ@@ﬁt %f tﬁ@ ﬁ?mg kas used lagouns for treatment @%

EYE By gve “ton. These  legoons  contadn  the

i% @,§ miztures of explosives, w&t%?
: tgﬂ walers and sludges sre Yizted ax
uie *@@era? : gtions promulgated under the Sesource
ﬁgsmw@r; Bet (RCHAY,  The basds far this Tsting 13
33l alog reactivity of these westes 4 sublected to 3 3 rong
Imitiating saurce or AF heated under confinement (Refer to 40 CFR FB1. 2% .
Bresently, tests to determine the supiosive reactivity of wastss are nat
specified.  [AFferent tesis have besn under consideration.  Ten iyt geries
are giicusied 0 the Follswing.

The first sertes of tesdts are similar to thoss poed By the Department
ef  Trangportation (00T to  determine the E%%@ﬁ%%ﬁ classifications  foe
Barardous materials These trespensive, smallegcsle tests determine 3# &
meterial will bues a* expiode when sublected %o an elevated temperatures of
IBY"F for 48 hours, Flame, shock of 3 Mo, % Blasting cap, ang BOE img&ﬁ%
&pggf&tgﬁ' #t 10 and 4-inch drop hetghts.  These tests were Yigksd in
Environmental Frotection Agenty S5W-B45 (1980) *Test Methods for Evatuaty
Salid Waste

sration with

Anoiher series of tests were developed by the BOM n co
Explosives dn ’

BET to e3sist the United Bations (U Group of Experis on

E2
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sreparing recommendations for the dntersetiens] transpori of dangersus goods.
These Test protocots sre known a3 the Jere Gep sheck and Beflagretisn o
3 Pian Transitton i%ﬁ?; Flame tests. Thiz serles of feity 1% more
tve and time consuming tham the EPR SW-B45 tests mentioned previously.
g@@ @? these testy 4g bhat test ssmptes sre sedlected fo grester
"*@rgv %ﬁ strmﬁg@r z%@@% conFinsment thas Tn EPS SW-B4E tests
Fety sonservative,

In order o provide s %a_. feal data Base and tavestigete the Jere Gup
and  BOY tests. for  deis mg  the  explestve  reactivity ot explosies
pontaminated sludges, USATHAME Fonded thir  profect  for  the  purpose of
ipvestigating  and definlng the e onship bobween explopiveg :

3&11 reactivity to BOM- flame aﬁﬁ shotk t@§t§§ @nﬁ explostve con

i he yaa@t%wé*y of explosive c@ntamia@t@& satls to

%1 1 gp the bazis of compositiona) analyses of explogivels}
stitutton  of  laboratory  anelvses of  explngtve  conteminabed
d DT testing of sludge compositions would result e
indsn reactivity of contaminated  sotly. sereuley
tncorporated @t R&AP,  Radford, VA, war  subtentracted to o + this
tmvestigation because of thels @xpartﬁsg and experiency Yo bBangling By ”S%vsa
safely and secyrely, g the aveilability of explosive test Fartiities
gwitshte for conducting BOM Flame and shock dests.

f%a@@ éﬁﬁ ﬁ
cantent. sS4
s Tugges For Zere G2
ower cost:  for  det

@.0 DISCUSSION OF RESULTS

giseprs the resulty of the oritlcal dlameler,
rasts conducted With ROE/sandfwater miutures ang
god shork conFirmebory-tests condusted with TRV Ssand

The
Yame gngd 3h
the resuthy
migtures.

.3 Griviesl Dlameter

raing Iere Gap shock fesis, g fests were conducied o
gy m1X&U”§a which woutd be rggqt%vﬁ ur e r%gzm%w& i ths

o Bap twai enatinement i ?Qﬁ’ﬁ&"ﬁ
nird £ 0% R ' ;
bove the § B & s@t@1§@¢
Wi ?ﬁaﬁt s¥nia %E?g iﬁ %aﬂuﬁﬁd prolosive b
e present in the water layer.

it r@§§@§%§§§ of %ﬁw much water

Cg to3t results for dry and wet BOX and  RDR/sand mirlures  are
ey dn Teble b smd sheown in Flgure 2. & typical Cofpipe diameter curve
e tuded in Filgure 2 showing the gffect of sEituting ROE for
m m%trata tn & tamﬁashia propetlant. Ingtwidges) trial resglis ars

B Tanl &g can be zesn Yrom these gate, the €y varies

1 i gt antent of the wet or  dry  BDESsand  wmistures.
iﬁgﬁ § 2 %ﬁdﬁzata§ 14 % }ﬁ& ?@ 5% ROX In wet or dry ROX/sand mintures 5‘@@?&
aot react explostvely in Tero Gap shock tests. Enowing thet differ v
w bhe mere severe Jero Dap and Ly text configurations {greater ﬁﬁ,}ﬁ‘hﬁ?
Byrst  strength, we of Feniolite pellets instesd of Composition L4 dunpr
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ﬁﬁ&?gﬁ, B, 3 Fﬁi?é a??é % éﬁrﬁ &as i%ﬁﬁ ?%i&%%ﬁ, tittal sheck tests wers

Flgure ¥ 2750 shows thet the sddition of 10% moeisture o RDX/sant mizes
moderates [increases) the [, Jevel by ~8.75 fnch; bet a2t the 20% molzture
Tevel the {a Tower than dry RDESsand miztures. It 45 Vikely that the
sbserved shi¥is tn {y ceused by the addition of water ran be gapiatned by
miwture bulk density. Experiments by others have demonstrated that, for g
given eaplostve n cylingers of large dlameter, the det b Vﬁgﬁﬁﬁiy i3
nearly & Vinear fusetlon of the “nitial bulk denzity.? A more recent repogrt
of Ly studies with Touse, crystallime explosives concluded that incresss of
the explosive charge density as a resylt of presiing (charge consolidation) o

P T Mg wvelds W water decrasy the Lharge a%r content, Ymproves the
ronditiony for shook Woaws propagy 5 tn o2 gﬁw&ﬂvm&ﬁﬁwm &ﬁﬁ wa@u%%ﬁ ﬁﬁ E@w@?
: &n @x@m%ﬂ=- foogl 2 '

the ﬁ%l%

%% r@astév& m xtgg% a3
ﬁ@t%ﬁ&%?? tn sustatm : :
Howswver, the buly densidy of 2t w&‘“”
Bigher and aversged 1.7 gdfes.  The
phserved Ly ShiTt belwesn She 0%
Fiours 2.

% %g & §ﬁ€?§&§§ # %ﬁa ﬁﬁawﬁ%@? @% @%@a
: m% & explostve  reaction

her ba%& density é?vﬁgﬁﬂt§§ caused th
wrd PD% melsture paramelers shown  in

fn the basis et the sbove, %t 1y comsluged that an Yncreaze 4 RO

: the mizture w11 reguce the sample dlameter capable of propagating
@‘; regction.  In contrest, an ncresse Yo sand contest increzses g
regse in water content mas ittie effect upon Ly, The fg tesis
g5 af zamd arnd 25% RBY are %ﬁﬁ@iy te be

na% ?ﬁawm?%% i 5¢w fers Bap tests.

R fere Gap Shook Test Reswlts

wer and dry RDNftang mistures were Yested to deline wicturs  shoek
reactivity as & function of RO content. Testing was conducted using the BOM
developed Jero Gap test deseribed in Appendix B and shown In Flgure B1.  In
this  test, g were eenfissd In ' xﬁs §t§@§ f@&% s
&L%}e*taa 1o gn puntosive s%&f& ;

gy

5% xeaat%mg sx@%
”rﬁ @fﬁ&%t %&'ﬁﬁ?‘“;;

ﬁxﬁ iﬁﬁ% and, T00Y

‘ .  ghock test
%a mg@aaia af %d ﬁ%@yﬁﬁg St vai 5@mg§§§ r@& 3 v@ s nanmrﬁagziwa 8 shock,
These test resulty are presentsd in Appendis B, Table 8Y and show that the
sbte of ldentifying samples reactive or non-resctive to shook. in

g
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&¥% w**h ROX produred a positive resylt ang demonstrates
21 In both the water &&ﬁ §§nd trials {three sachd,
ﬁtatﬁ&n plowrred during oae $rial.  Bobh @f§51$ gis0
T shotk wewe in ﬁz: ur wre fbrials gt welesidles
AN sxpiotive reactive material,  Waber
{Tegutd or go7 Yy material 5%&@%@ &a

M;}e’tﬁﬁ"t

Fafg »ﬂﬁﬁﬁﬁﬂ hock weve effectively to %
the ooR sv%@&%y 5k tong pipe. It 4% suspected *hat &ufﬁ ?mﬂ ?F
plpes would be regu stert shook weve gegradation {gers . P 5

A sontinupus ph&5a maxgrzaﬁs Blthough samd 12 mot a4, o JA%:
material fopndaing atr %m granpler interstices), ancther mechsnizm é§ th§agh%
te have caused the test contatner to fragment inte long gtr?nz or appesr to
gra@ﬁgat& the zhocok wave i@ﬁg%t%ya resuitsl.  In pne 1,
whning within the .undamag g e plipe  Bad %@@ﬁ camyv&&%eﬁ #1
weiged ints the pipe. It 1% *h&urﬁza Wt in other triads with send, & slug
ef Sightly conpressed sard was Sriven up the stesl tube with gy 1ﬁ§&ﬂt foroe
e rupture and ?r&gm, T othe tube angd ?ﬁﬁ%ﬁét% propagation of 3 shock weve to
' : 'ch i@ﬁg %&5% cond Foant Tikely that both tube
o8 4 chock wWive by mecheanlcsl force of samd
PEe b by probe w@uﬁd QQLQF at the same time. & plug of sand hare
& rapture the pips pected to opush the welaeis ¥ probe out aBesd of
B0 ang ap welootty % 1. '

oy
. B%

Kﬁsﬂ
o
il
£3
=
£
iy
. B
%

fery Bap terts with 20% water F11iing spaces betwesn
e ot @ pf§§§U?ﬁ W8 D?G?§§aﬁxﬂﬁ viigr
5 : _~‘z_ ST ' #

Z&?ﬁ Gap tests wWith Ynerds
Cogndsnr Tragmentatisn ?@§-Et$
gtien. It 43 spe !
G fegst 2 of 3 di¥ferent
g t%ia*%s* gngser hote dn the witne:
BEEitive test result.  1F g frisl Wit
test  result,  the salting  dats
tonservative. T4 sppears unlikely thet
Feact positively Yn the fers Gep fent,

wi&t@* ﬁ@
T omaterial resulted Yn g poritive
% eonctusions  would  be safety
hw:ﬁ penstitve materis) would nne

ﬁ%i ﬁ@?ﬂ?ﬁ §@t

2.3 [Di/sanaseater Trisly

tests were conductes with g, 18 and FUN water-wet
vhng ;5 LEE O RDE. These test results are alss
E .

Test results summertzes 5 Table 2 and showtt 91 Figure 3
e that dry RUESzangd wimes o aining 1EY BUX are Aot Feactive g
Indured shock dn the BOR st ron Iguration &t the 0§.5% reactivity  lewel,
Twenty conseoutive trials with 15% 8ox send tested negatively 4 werdifies
at the 0% cond! # Tevel that dhix fsand composition 13 usresctive &%
the LLEN resciivlly lewsl,

dero Bap tests with 20% weter-wet BDNSgand mlaes determines
that mixes containing V.08 RDY are 2350 0.5% resctive at the ooy ronfidenc e
lewel., & Cﬁﬁyﬁ?fﬁﬂ? of © and 20% woter-wet test ressiis frdicate that e
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substitutien of wp to 208 sand with waler hes Y9ttle effert spon sample
resctivity at vhe B.5E reactivity lewel,

At anticipeted from previously discussed Tero Gap tests, the
predicied .88 resctive ROV concentration {36.5%) 0 108 water-wet ROK/sand
mizes wai nearly the same at those obtatmed 4t the 0 and 200 water-wet
tevels. Fi & the results of a1 ROE/sand samples tested in the Jers
Gap test ronfigurstion.

Comparing the results of RDNSsand Jero Bap tests et higher
r%as&%w%ty tewels (Flgure 3], %% zan b seen that sebstitutlon of 0% sand
with water reduces sample reactd R YT betitution of s additienad
0% send with wabter {20% wa%ar tﬁ%iﬁﬁﬁ} a&s th& @g@ﬁﬁﬁt@ e?%@fﬁ Yﬁ& resson
for these results 13 1%@@:7 sy ]
for Cg test regylts

12 %3 conctuded that water-wet or dry B0EAsapd mixbares
comtaindng V5% BRBE sre not Tikely do sustaln propagetion of & shook wave 4w
the BOM fero Gep test.  In conbtrasi, BDX contamimsted 0%l conteining »18%
EDE may be desentitiied te sheck ﬁ%?w&!ﬁ by adding usconbaminated 2611 to
redpcr The BRE content 4o 2158 80K,

Tk

R Sratistical Anelive

"
&«

"Q

e Tysds was conducted to determine 3 there
Swﬁﬁkwﬁﬁﬁ propagation welactty  and sample
are presented in Appendix C. The #indings of
sge of compogttiong tested, indicate thats

& statiztical
?&3&*?$ﬁ§hﬁﬁ by
: : e ivety detatls
this ﬁﬂ&*ﬁ@“§; for the narrow 73

1. %g ety s ﬁ&g@rﬂﬁn% spon the level of RDE s the

£, hangd and water de not have egual effects upon velacity.

3. Tmere 13 no effect wpon velocity due fo changes in sand
content 3F the differsnce belween ROX and water do not
change. ;

Tre First bwe "Findiegs® agres with eowersll Zere Gap fest
& 4 thet bhe reastivity of RDESsendfweter mizturss inorease
j eontent i3 ingreased.  However, the third #inding 13 sppaventiy
i i griy for the ngrrow range of composttlons in fhe stabisbicel analysis.
Evtragaﬁﬁt an of the third finging leads o the conclugion that & test sample
comtatntng ne BbE, 5% water and %E 5g4 Tang ﬁh *?ﬁ raget a&gfﬁ-;w@?y and
&u&%&ﬁ? &  shogk el g 4 gag;i@g

g §3ﬁ§§ﬁ§ ﬂ& gi@ariy ﬁ@% # va%%ﬁ @na @ﬁ%sﬁ%a @?
g ; _ ang tested, Yir ospplloatlon %3 owery Tindted and of
ﬁﬁ&ﬁ%iﬁﬁauiﬁ 9&@9@ %n ﬁ@t@?%iﬁﬁﬁg %hg explostse reactivity of 20ils.

2.3 Deflagration to Detrostion Tremsitton (D073 Test Eesulis

v F e

fggatﬁv%tg 11 évfgﬁzéﬁsnvﬁf %éi é&ﬁ%@ﬁi Testing waz aén&ﬁﬁtéﬁ m&ﬁmgvth% BoM

1L
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BOT  tast desos

%n &ﬁﬂ%&ﬁ%x 2 and shown tn Figure B2, In thie e,
gy are conf

th, schadules BD stesl pipe and sublectsd fp Fiﬁmg
frgm & -gram Yyniter. ,;?5anﬁﬁwéi§? composttions reacting explosively were
teentified using BOM tfest protocels.  Stenderd probit analysis techn vasﬁ
were wied te oestablish oan BBY Yevel dn wel and dry samd that has 2 low {% B5
probabt ity of reasting to Flame Ao the S0M ODT et renfigeration.

The BOT flame Test reselts. sre sumesrized in Table 3 @nﬁ
plotied %a Flogure £, A1 $addvidun? trial results are Yisted n Append
Table 87 for reference.  The OOT tesis wers eondusted with @, 10 an Eﬁ&
w&tefmwgt SURssand mixes conteining 12 to 28% BOM. Figure 4 shows that dry
mizgs containing <13% BOX showls mod resct expiozively when subiected
ged  Flame initistten Yn the BOM  test configuration.  Twenty
P ve trdaly with 13X RBX tn sand gave negative reselts, and veri®ieg at
the 0% confidence Tevel thet this BOR/sand composition 43 unresctive gt the
%8, ﬁ% reactivity lawel,

BBYT feziz w**h 0% ures F&ﬁﬁi?ﬂ about
thg same an tests with dey RDRSs

% waterewst ﬁmm£§§n§ i
grified st the 0% confidencs
Blge yhreactive gt the §, 5%

w&iwrww&t ﬁﬁxfganﬁ iy

BUT  teyy
&% these mimtur
g Fiagurs it irates thﬁi & S ¥ iy ‘”T_,
3 §h3u g bet 0.5 reactive in the ﬁﬁw ﬂa? iﬁﬁi g
i tedts were not conducted stnce previcus verificgtion
=ly Geen  successful in demenstrating  low {ali 5% Ak

coresttieity compesitiony.  Howewer, &17 DY tr%aiﬁ fa?ﬁu#%%ﬁ witk
DEAxand mixtures contalnisg 2SN DX e & §g?f¥aﬁaﬂ*

wpture the scheduls B pips, Baty g £
It i3 apperent that the F8% RDESSSS Aaﬂﬁf 38& wWaLer
im the steel plpe condinemes But that waber
owed down) and prevented a {67 ”ea__?mr mst of
the pipe or cap 1nto bwe tg pleces
by thres oF 10 triatly conductes {30% rﬁ%ﬁ%?%éﬁb

satermﬁrﬁﬁ ih

aﬁﬁ ?@ét%@ﬁ .
i3 raagﬁﬁvg g@ ﬁl

{Eﬁﬁ ”T?x&* T} &!tarrég %w B

4]

uring BOT testing, 2 out of 10 frizls were negative for dey
25% RDESTER sand zampies.  Thiz rewwlt %3 not dnm agreement with 20% RDM/BDX
sand  tests resulting im IO put  ef W0 trigis, ar  ihe
surrelation bebtween RUXSsang g ?ﬁ%ﬁ% ﬁﬁﬁ???%ﬁ reapv e gl

i Figure 4. A reviee of test ?%ﬁ@fﬁ& &&@u nﬂt 3 mat to
cause of the twe negetive resglis. It 43 tﬁmgﬁﬁﬁﬁd Lﬁﬁt these rex u%%ﬁ %@y b
ingicative of test vartability.

A5 determined during Zero Bep tests, the byl density of 20%
weter-wit ROKS sand wiztures averaged 1.8 gioo and was gregter than that af
dey snd 0 water-wel miztures which renged from 1.3 %o 1.4 gice.  The gFfect
of dnereszsed dens¥y upsn the  zensy iy of EDE/send mixtures to Flame
fnitiation s mgﬁ t?@ar hazaﬁ upaﬁ ﬂﬁ? t st P@gﬁltx Et Y5 suspected that the
gporease  in : with 208 water-wet
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W stures %t dus primarily fe the Flame guenching effect oF the water rather
nan taorsesed Dulk denzity

GOT tests et the predioied 0.8% resctive compuyttiss Tewels

o react G T & trials angd weryd that wet ar

of BOASrang ronta By i RBE are mot Flame sensitive %ﬁ fhige
-

%%k@ Yge, the BT test reseits aiso show thet resctive B
pont a1y contatning *12% ROX may be desensitized to lame by aﬁding
gheontaminates %ﬁ‘i ang redusing the BDY content o 213 RO,

hy Driteriy

regrtive  BRESsanddfwater compositisng foo
5 gre slsig g!g gd ob the trimedal plet dn : ;

voang sebilis ”ﬁﬁzaané éﬁﬁ&&%?t%ﬂﬁ§ rmi f@ﬁﬁtﬁw% ﬁm ﬁiémﬁ
& ﬁa*t@ﬁ

vﬁéi‘fii

i%% ﬁmﬂﬁ, G
mﬁﬁﬁﬁ@ﬁ pot resclive t@ :
chiwe ¥ the same w&%ght&

&f ﬁv §§¥a$a%ﬁ mbxthrﬁ Ere &ugganﬁaﬁ %n

SEVES 5% ) gutck
vh %?é ?saztiw& i

5 ﬁgrat%va?y qu%n& ahd 1ﬁ&&§§ﬁ§?w 2 ]
1 samples be used nstesd of the more tﬁm& EH0Y
Ters Bag &n# BHY testy to esiald the  resgctiy

@mr*g*ﬁimg secongar v oexplostves contamingtes such ps BOE, HEX, THY. elic.

?%é?ﬁivﬁty
& my  lagoen

dou Confirmatary Tpety with THY

Dey TNT/gang mixiures wers prepared ang issted
#5%g %0 v that THT s ho : £
g TuiEs are presented

fggzawiﬁﬁ

Iern Bap hTesid were conducied WiiR 2 mis poaf 9% v
Thits eoapost®ien w3 selected For comparisen with a 18% ROL 54
determined pravisusty $o resct ponti ?'e%w *ﬁ §hﬁa£ ﬁ% of the time 3
a&& %%St ﬁ@ﬁ*?gu?éiﬁmt fseg F‘gu?% &%, : 4

¥ {%?%ﬁ’

t?fsaﬂﬁ m? %&
et mieture i thﬁ ﬁﬁﬁ &%vg &gw ahmr& ﬁ§3*~

to & ﬁ%ﬁ‘ﬁﬁxf

Likewise, BOT tests were condusted w%%h 8 winfure of 178 TRV
gand.  This composttion wesr selected For cosparison with 3 17
migtyre detersined previcusty to react positively to flame initd
the Ylme in the D07 test ponfiguratton {see Figure 5). Tesl ve
- a8 ure gre Tisted dn Table & snd shaw thel ne @
e pd A 10 comsesutive trials. It T3 concliuded fhet THY
7n ihe BO® DRT flame telttetien test thean ROE.
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B0t and Tere fap ftests with THT weri¥led thet THT 95 actuslly Jess
than BB wsed to establish Flgere 1 resctivity ortteria. This
Fepdingy  Further confirm  thet the  sample  vesotlwlity  based  om

anatyses can by used to predicd the reactivity of conteminated
s amg shock fRILE.

depserthe, the test plen, seles®ion o doul

The Following sections _ #3t  piE :
4T guﬁ%&au@ﬁ% niformity Sesting, €y tests, HOM

%@t@r%ﬁsﬁ m*x ﬁr p&r@tﬁaﬂ

§$3 Dwerall Test Plan

”_'cﬁﬁ £¢§§ T&b?% % he 1§ ; ﬁ §§ﬁ§%ﬁ1w%ty &ﬂ@ ez§§4§§w@
gd  the majer ﬁﬁ?ﬁg ndostye componehrds were  sizeabled frop
ﬁg§& Fites and the 1% and compared to o eslasbVish which  Ere
thepireactive then the of {Tabte V). Based upon these snelyses
&xﬁ?&%?we amﬁ dnprd test materisls WErE seiected Tor BOH flame and
I51eLeY tests wers conducted with veartews compest¥ions ofF these
ng zhe ﬁt ﬁ&rd ¢ 1*ﬁ£&? dlamater ?@? exp%&xﬁv@ propagation test
- : ; ; ? ; '_t?wa in the 3&%

W?Qfﬁﬁkiﬁ _ 4 feloms
shock Test & 52}'$z&§4 b zﬁ@ r&l&%?nngh%
ang ﬁﬁgﬁ ﬁﬁawﬁt@r¢ Leboratory prepared on
ﬁﬁ% Levy uﬁ“ test protecsis fo delerming k§m$$

: & ; *ﬁa& t@st ?ari a& tm

zzﬁﬁixfic ”3g a%d ﬁfﬁzantﬁﬁ far g&a
1 compesitions which can De t?%ﬁiﬁ§%&@
oM tests bassd upon chemtor? anmalysis.

.8 Selgetion oF Test Tampie Matpripls

The reactivity of Army Jagoon aﬂ."vua will depend
tvpe of eaplotive present, 14 & and : non-regctive (fng
t"%@&?%ﬂt& and the degres of foaf =@%§ﬁt &?fﬁ?ﬁ%ﬂ my ihﬁ imerts in hang

&3] ortsiners,  Teples? o) snelyses From Lwn drmy 1&@@&?& Bre 3
The ﬁas&ﬁ uaaﬁ f%%%ﬁa&i

dats %s
mingted $Tudges
Plamk [LAARYR o g@@ &@ﬁ&ﬂﬁ % &

éﬁﬂ%%g%v%ﬁ gresant  are  TRY, ﬁﬁx &mﬁ ﬁ%k SERY ;
: &anﬁ s1ay el low {0980 concentrations of ﬂtﬁﬁ?

A orevisw of initistion sengitivity smd seplogive
gate swmemrized 1o Table 7 showy that RBX and HER exnibit similey

srargctertestics  when  sublected to mechanical, electirosistic  and ?&ﬁ?m@?
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S
g
&
EX
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Bl = Hose Detected

smanicion Plangd

Sourcer  Hercules Imcorporated {Radford drmy &

ED_001691B_00013247



TRy Thypedap Tewre S7olaEd Ceseuys

30 wapraadnig *EapIeg BAyROY

“ydug ToO1

&mwmﬁmumﬁw
TEeRE oy

BES

BOE

SEUTE

AT

-z

wrasynsaeyy 33T ITeveg

AHL

CPEGT HUANH SURIREN] AARITTIH 30 SeATSOTGRY
5 DMy puw wapyy Aacyvgoge] A1yapypenas FYRLielen J¥vd

TG

sigeardde 308 - yy

sauf¥ gyry w S3TeuUEp e

PERR W pes

SHENTES 39 mww M

WEpAT IBRT PU¥ BUGTITUTIEP 203

CALEG pepnINN] BRR[RA JRenc

4 poRRaig,

o wjpusddy up Azeesoys @%mﬁ

Gy wupsgeg

TWE
- 5

@l 19235
. am

Be a1 »

,wmwmwég

o JLL CeRsegasny wiwdy SyiwiReryney

RaEyy um,m e

LEEIE e

g
4 Wﬁw m gy
LRSI TURERRE

TIRSTIE uep IR i

THETIRTIINE LRL DU YRE CREY 9 vowy iedmn

#

ED_001691B_00013247



gtimuty.  When confined and sublected to submerged flame Initiation foritdcal
hetght testy, each transits from Bursing to an ax@?@&ﬁ@n r&agté@ﬁ at  Tow
sample ﬁ%égh*zﬁ Soth metertsls  festaln 2 datonation ang b
t?%t&t&i tameters for explosive propagetion of <0.27 4

el nipe, Fﬂ? purpsses of this study, 1t %3 concVudes
i dnttiation sensttivity and expliosive r%@3t§¥ii§

&QQ“W§§$n

& ocomparisen of BOX, THT and HME fnitlation s ¥
panderive reastivity gats bn Tahle T shows that THT reacts oimitarly %ﬁ imﬁgt%
ang electrpstetic ¢ischerge stimult.  However, THT %3 much Less sensitive
sHiding  frictien and thermal stimult a3 11 reguires grester erere
tnitlation. Flaked THT %8 a¥se Tess  Yikely to trastit tn gat iar
gwtdenced by ¥ eritteal helght of -24 inches 4n 4-inch dlaseter confinement,
In centragt, ROE and HMX  have oritteel hedghds  of 8 and 7 inches,
respectively. in the same confinement,

ang HEL are 2%1 capable of detornation % smald
o The  THT shock weve propagstion  rate 4z 3)ower
pf RDX and HEY (B IR0 and 9,720 sz respeetivelyl.

. §t *& cone igded that THY it no more tpieiation ﬁ%nsit%v@
piostve than RDY ang MMy,

=

1% i1 tﬁ%ﬁ?&ﬁ&& Xhat

in s ﬁmn '
.ng ?ﬁT 8T

sEimate
3§tm%§@ra

WHE 3 tdat ; 3 2
g of ﬁ%@?w &m 2 Ik 4 n THT, ﬁ&ﬁ
?n**i& @f*@zt ug“n *ﬁg mv&r&%i r@amt*w%ty a? S§%u§

?hﬁ ikt 2
gF HMY w111 have & segd

Type 11, Class b RDXT wen purchazed from Molston Defense
Lo “ﬁ”éti”ﬁ Far use n thYr dtudy. & ﬁ%?ﬁtﬁﬁ anatesisy RF The HOE 13 shown do
paenty £ # rhemicsd éﬁa?ysif of 4 J setermined that 13
comtaired b % H@x and 2.ER o other pitramine waristions formes during ROX
manpfarture.

B OTHT fiper abbained
: it to contaln 99,88y
. totall of GET angd water,
kit v%rrm§§ap%£§§zv By m@&ﬁar%@g
| & gistributien curve ure &,

51 *hgt m@s& wrticies Fall 4o the ey ge af
i wewagg w14 Wi, Bome of the Yarger perticles measursd wers

ﬁgaiﬁme?st@a %?&*&aﬁ of single orystals.

| Inprt Copnpnents

5011 samples From SAD and LAAP wers chavrdcterited gz
Table 8. Using M. 5. Bursaw of PubVic Hoads sail- lazgtfizattion
ure Ti, khe LAAP 5090 was tdentified as Joamy sand and the SAD

501} B sand,

3
%
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gveral graded and woypraded sand and w0l samples
@mgiyzgﬁ &t REAP dentified 2 Hew Biver sand bar samole which
he BAD sell sampYe {see Teble Bl  Approximately 2, ﬁ.B T of
=n wgﬁﬁﬁ e W placed 4n cotten bags, air dried ey 80P for
exk foreen Yo remove Torsdgn materdal {grass,
¢ 4m this study. i

%&&@ﬁ aﬁﬁ

ﬁaf’é‘?ag* ?&‘ ;"}@53"&

; siuﬁgas 450 contaln wp to BOR
wWater {T&%%ﬁ By, bath water Ty B miztures wers investigated in
! §w sort iaﬁﬁraif*g t@ﬁts eonducted with & one 1iter graduated

i termined Thieg s of zand or Type [I.

FO.0% End 27.9% {wi basisy wWaker, rerpaetively.
esults In 5 Tayer of water abows the seiiisg
Y, Th@ preience a& 2 water head %b@vﬁ 5 sa&téac

ﬁ@?sﬁ Ws& AQ?

The mz wmn' of

@*t%@é"
ﬁ@ﬁﬁ tﬂﬁ:ig:
Sinee ﬁw@%

§av t@z?%@g twa ga
.' w&r@ c@ndua'v_ ' :

&‘x & 1 trials conducted
w%?h SO Gwt)y water adg
D omtatures a¥ier Yoagis §ﬂi$ test §%m§§ ﬁh@wﬁﬁ & t&%?
sampies %nﬁ%a@t?ng *hgt % 1 %nt“ ranutar wolds wers
water-wet beds of =4

Jﬁ% wé*é Wt
water laver o8
Fytl

pniired) wers
uriform mizsture
ing Wl to M b owere
£ with 3 grousded,
: gshatie tntttation of the
& : ﬁ %ﬂ t?@ g¢ast§a sag? unttl wsed i3 tesis to
slture bv gvaporatien.

gf ROK gr TNT,
puat iy tumbley
Wy tm besy ﬁ?ﬁéﬁe
& BT ﬁi&s :

gompter mizes wers sampied to verisy
Lamnle apalysey weres conducted  as
ihie 9 and show that @%? mﬁisﬁmr@

‘ﬁfy BDxSsand mines was
éﬁ &.%sﬁﬁk s&%ﬁ sdded B each wiw. 14
: 5 e 5y a% techeigues eoploved yielded &fﬁ@ﬁ%&%?@
Tewels and un *ﬁﬁ?mﬁty of molsture content.

5@@5?&3& piyesy. The m
%ﬁtrmﬁu*@d by Ehe 5 1YERE Ty
. g , .

Gup¥icate 5awr1§& wgr@ taken %rmm iwe wizes i&@g Table §)
and amalyzed for ¢ j ; ; : ; hat
the Type 11 ROX [R %
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APFERDIE B
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27777 DOEE

oE FoBatie Preb (F)

BE2R0EN] £ £13%%425 &7 g
1. BRRLEQONE 58 1. L0 EOROE

Toted (Corg.} 1.9090E0008 L

pepgusred « 0421583
repguared {881, for B.F.) o» D.A1R0E%
Rrasderd srror oF ssebismetion « 10BF.36

Model Fileedisp Begpies (Case 23

Popgp T-Yalue Peak (» T 4

Feriable Coeffininmg

32 23 BI%T4% FLTELE ST
& § ¥ { F 333}. % ? ® Q&g 5 ® ma@g
0% 13.83%8473 3 FFR Beie 1

EassTERT TROT

Bpal (B84

B23B08EL 2 £1TA5425 & 1 &
1. GERLECUOE k4 5. RTIRCOOS

Toral (Cere. 1 1.9050ER008 bR

pepguared = 0.43158%
popguared {43, for L.F.} = 0.415%88
Srandard eprer of estimstion « 1053.3%
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pegguared = 0. 433088
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Ty wnd Zaned.
resguared fhdd. Fop BF.l o« DoATDUER
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Fricipnr ih"%) : ef of the model teefliclents for such indevendent
rieble {§ = by » &?l KQ} # km Ly v by Kyl v

~to-Eater - enters & walue for the F ratie abowe which weriables wiil be
tered inbe She sodel;

Foto-Remews - suters & value for the F oratls below wihish wariables will be
TEM o the model;

ures the celstienshilp between bwo

Fele affects of other wariebles,

4 rEm g ke limesr relationship with ihe

ﬁxhwg varaa&i 8 hﬁfﬁf% ,»gt&xg fh@ evrrelation ceelficients betwesn the

yarsabie ¥ fntevest. Fertlal sorrelstiss i useful for uneovering hidden
tdenti?ying iztervening wardables sod detestlsg spuricus

‘E?

f&i.&ﬁ@m@hi@&;
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B fT0 o« the po
marginsl sonivil

BRIty LHED & lavgey bevalus wepldd soear 4 there wers oo
Lien “rﬁm that wardy f

B F - the gmallier the probebility welue, the mers 1lkely thar & Facter hes
bat 2 sipnifizent effect on & reopon b

pogguared - represenls Lhe peroentage of ?a:&&%sliiy that can be explained by

siables that remsln in the model after o pegression Ban bess rumg
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TABLE L. SAVANNA ARMY DEPUT ACTIVITY S0IL AMALYSIS

Total Analysis

Betection
Parameter Range of ¥Yalues Limig}

Botsture, %

ash, % 2y recedvad

Ash, & dry bezis

ﬁ&afﬁﬂg Velue, Biuslh sy recetved

Elemental Analysis {Dry Welght Bagts)

__ Detection
Farameter Bange of Yeluws Limit

ﬁkéfurg % Ly &1

o 2.68 |
] sger, % D.28
Nﬁt?ﬁg@ﬁg 4 3.0
Tetal Chlorine % uo

LI I I

Hexvy Metals Content {Dry Metght Basis)

) o betestion
Parameter Range of Yalues Limit

Bariym (B2}, ppw T = 2% —
Cagmium (L4}, ppm un 1.9
Chromiun {(Eri, ppm 13 .9
Copper {0}, pom j b 1 0.4
Eﬁaﬁfpﬁh<$Wﬁ 1% - 100 —
2ise {In}, pom 3T - 160 e
drsenic [A5), ppm e 5

Selentun (3e), ppo up 5.
Mercury (Hg), ppm HD ¢

g 8 ¥ 3

&l

ED_001691B_00013247



TABLE ni. ¢

HUEDY

Explosives Amalysis {Dry Welght Basiz)

Faramatar

Eznge

of Veluss

Betaction

Limit

2.4, 6-Trinitrotoluens [TNT), por
H% %
Ri%. pom .

1.3 5=-Trinttrobenyene [THE], ppm
T edePinttrobensene {ONE), pom

Kt Erat e [HEG . ppm

-diino-4 , G=-Pinitrotoiueme
f2-Aminn), ppo _ .
ob-Minitrotetoene (2,6.DN7), ppe
2 A-Dindtrotoluene {24087}, ppm

88,100
E
7R.5
80T
HE

{4

HD
Mo
]

- 408,000

w 256
w35

i z? & g

Mpetection Timit Tisted only for perameters not detected,

ETHD - Mot detected {Y.e., sample concentretion below the detection Tiwitl.

Srsrees

Activity, Savannz, 111inois,”®
BRETH=-TE=CE=-B4377, Aprdl 1984,

J. W. Helandy 3. R. Marks, B, J. Marks, "Task 2. -Incinerstion
Test of Explozives Contaminated Setls &t Savanna Army Depot
Roy F. Weston, Ing., Final Report,
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TABLE 1. LDUIETARA ARMY A LANT BOIL ARALYSIS

Total Analyiis

_ _ betection
Farameter kange of ¥alues Limit)

Molsturs, % 25T =
Azh, % a3 recetived 4.8 » &
Ash, % dry basty _ ¥
hesting Yalue, Blu/1b a3 recelved 5

Eiepental Analysis {Bry Helght Basis)

Barameter Runge of ¥Yaloes Limit

Suttur, % HDE 0.4
Larbon, ¥ 508 - 7.
Hydrogen, & BeBG - 1.0
ga& i?" %ﬁi% % v 2”53 . % ]
Total Chiorine, % HE -~ 8.3

) _ o Detestion
Farameter Range of Values Limdt

Barium {Ba), pbw B8
Ladmium {0d), pom ]
Chrogtum [LF), DDE k¥
topper {Su). pom L ¥
Lead {Pb}, pom 300 - 180 =
Arsenic {As). pom L 8.7
Seterium {Se), pom ' .0
Hereyry {(Hg), pom 2.2 - 3.4 N

158 —
13 1.9
23 R

8 8 3 % 8

B3
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Explostives Bnalysts (Dry Welght Basis)

A o fetection
Parameter Range of Values Limit

2.4 8 Trintitrotnluene {THT), ppu 85,100 - 143,000 -
m',ﬂ e 5‘1?’%@ i ?3&@@ T
RDX. pom 33,100 « 96,500 -
1 3,5»?r%n%trakaﬁ£®ﬁ@ {THEY, pow 1.0 = 139 —
%, A1 Y. ﬁg’ b 22*# ?{lﬁg
D £.28

Ul - 2R 2,64
By 8,03
B E.20

gtery not debected,

Ifpetection Timit Visted only For pare

20D « Hot detected {1.2., sample concentration below the detection Timitl,

Souroe: 4 B, Holand, 3. B, Barks, P, J. Barks, *Tesk 2, Incineratien
Test of Explogtves Contaminsted 50133 2% Bevanna drmy Depot
Aotivity Sevamns, ITVinods,.® Rey F. Meston, Inc., Final Report,
Bﬁx?%m?iwﬁ§w$§2??, Aprtl 1984,
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CHEMICAL (PRYSICAL ARALYSIS oF
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in the sand 444 wey Interfers with the BDY sua

Purity snslvels

The puritv af THT waw detersined by HPLL. Sa@gl@ﬁ wf the THY used o
BEETLTE SR %ﬁ in & 2

Togrpaseney Bawlisrs Packard 1084

Vodumng Bassleny D-18;
Lﬁﬁgrh L
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aﬁz&rmiﬁaé guantitatively wsing BRLO
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; l wern b & om
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awa‘iimai woluses ewploved depey
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£iee Distribution of Sand

fhanden of the sand was esrebliished uslng » seriss
38 : < Umie bundred preams of semd were sheken dun the
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Bullk Density of BOE Sand Mixtures

£ @f‘%&&%f‘%&f@ uﬁaﬁ b ?iii i@ﬁt &&ﬁtﬁiﬁ@fa aw é@&ﬁfmﬂﬁ”

55

ED_001691B_00013247



e

ED_001691B_00013247



Peflagran

Dmronssid

i& sustalined by the sample.

= waed o é&*wr& ine #% What temoere
geure propelles
hegpin to ther

1mgig@x ﬁ_,“

“m&awiwziw
L Fedmeh :
g na ﬁii:'ms impant o

Ty W i §
Eifle FEEn Derarnises

let

T rinitrotoloene

: . Brates Arey Tomic and Bassrdous
Maverislys dpewey.

UEaTHANA

ED_001691B_00013247



¥k

Fare bLee, ¥

ES

S
Sbwrdeey

sk
e

]

-

A Arthur D Listle

ED_001691B_00013247



